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normally produce one calf per cow each year but may calve less
frequently. These low reproductive rates have a major limiting effect
on production efficiency. They especially limit the effectiveness of
selection programs by reducing the number of progeny that can be
expected from an individual mating. To achieve an acceptable num-
ber of births each year, many females must be bred.

Advances in reproductive physiology and cryobiology have gen-
erated the capability to produce large numbers of offspring from only
a few parents. Techniques that have particular implications for ge-
netic diversity include the capability to collect and cryopreserve
germ/plasm, particularly spermatozoa and embryos, and the ability to
manipulate the breeding of parental stocks through artificial insemi-
nation or embryo transfer.

Application of these technologies can increase diversity in a popula-
tion through the introduction of new genes, but it may also narrow
diversity where introduced spermatozoa, ova, or embryos overwhelm
or replace local breeds. Semen can be collected from a single male,
frozen, and later used to produce tens of thousands of progeny. Tech-
niques for collecting, manipulating, and preserving oocytes, ova, and
embryos, although more recent, are rapidly expanding. In cattle, up
to a hundred offspring can be produced from a single female, and
within a few years in vitro fertilization will likely increase the num-
ber of possible offspring to thousands per cow. Techniques have also
been developed to split individual embryos and to clone embryos by
nuclear transplantation. Cryopreservation using liquid nitrogen per-
mits long-term storage of gametes and embryos as well as shipment
worldwide.

As these techniques become increasingly cost-effective, they will
be applied in more environments and production systems. Their
effects on rates of population improvement have been and will in-
creasingly be profound and favorable. Their potential negative im-
pacts on genetic diversity and the potential for future genetic change
have not been fully assessed, but they could be substantial and must
be recognized in the design of breeding programs.

Changes in Production Systems and Nutrition

Technological and management advances in livestock production
are far more widespread in developed countries than in developing
countries. Particularly for dairy cattle and poultry, and to a lesser
extent for pigs, industrialized systems of livestock production have
been established. Stocks with very high genetic potential for specific
traits are raised in high-input, carefully managed environments. Ad-